wo 2015/183318 A1 |1} 00000 T OO A A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/183318 Al

3 December 2015 (03.12.2015) WIRPOIPCT

(51) International Patent Classification: (74) Agent: BURROWS, Sarah; Hewlett-Packard Company,
G060 50/20 (2012.01) Intellectual Property Administration, 3404 E Harmony
(21) International Application Number: Road, Mail Stop 35, Fort Collins, Colorado 80528-9599

PCT/US2014/040343 (Us)
. re ) (81) Designated States (uniess otherwise indicated, for every
(22) International Filing Date: 30 Mav 2014 (30.05.2014 kind of national protection available). AE, AG, AL, AM,
ay 2014 (30.05.2014) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(25) Filing Language: English BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
o . DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(26) Publication Language: English HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(71) Applicant: HEWLETT-PACKARD DEVELOPMENT KZ, LA, LG, LK, LR, LS, LT, LU, LY, MA, MD, ME,
COMPANY, L. P. [US/US]; 11445 Compagq Center Drive MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
West, Houston, Texas 77070 (US). OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
(72) Imventors: CHATOW, Udi; 3000 Hanover Street, Palo TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,

Alto, California 94304 (US). KOUTRIKA, Georgia; 1501
Page Mill Road, Palo Alto, California 94304 (US).

ZW.

[Continued on next page]

(54) Title: ASSOCIATE A LEARNER AND LEARNING CONTENT

isarners and leaming content based o past

Determing & learning type duster of

pairings of legmers and leaming contam
and the associated oucomes

ndicating the degree to-which the lsaming

Ansnciate 3 weight with lsaming content 401
content is associsled with 8 lsaming fype
stuster

‘

Assoviaie aweight with & learmer indicating

- 402
the degres to which the learner is
ansoniated with & ledening type Guster

&

Associate the learner and learning sontent

A,
2
£ak

based ot the learning content waight ana
the lsarner weight sssociated with the
isaming type

Oulput information about the asseviated . 404

learner snd lsgring content

(57) Abstract: Examples disclosed herein relate to associating a learner
and learning content. A processor determines a learning type cluster
based on clustering of learning content attributes and learner attributes
based on historical pairings of content and learners and information
about outcomes of the pairings. The processor may associate a piece of
learning content and a learner based on the learning type clusters and
output information about the association.



WO 2015/183318 A1 WAL 00T VAT O 0 O

(84) Designated States (unless otherwise indicated, for every Declarations under Rule 4.17:
kind of regional protection available): ARTIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ, Published:
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

— as to the identity of the inventor (Rule 4.17(i))

—  with international search report (Art. 21(3))



WO 2015/183318 PCT/US2014/040343

ASSOCIATE A LEARNER AND LEARNING CONTENT

BacKGrOUND
{0001 Studsnis i & classroom setling typically use the same textbook oy set of
fexthonks fiv the entire class of students. Howwever, particular types of leaming conternt
gy be more sulfable for particular types of students. For example, different students
may have different learning styles such that they leam belter frem particular types of

content, such a5 where a student is better suited 1o visual or suditory leaming content.

Brier DESCRIPTION OF THE DRAWINGS

[0001]  The drawings describe example smbodiments.  The following detatled
descripton references the drawings, wheren

(00021 Figure 1 & 8 block diagram Hustating one example of a computing
system {0 creale associsle & leamer and leaming oortent based on sutomatically
determined lsaming bypes.

D003 Fgure 2 is a disgram ilustrating one example of & flow chart o creats &
model of learning tvpes and combining leaming contant with learnars based on the
model.

[0004]  Figure 3A s g diagram Husteating one sxample of an asutomatically
generated lesming content prodile.,

00081 Figwe 3B i oa diggram dustrating one swanmple of gn autormatically
genarated leamer profile.

[ODG8]  Figurs 4 s & Sow chart illusirating one sxample of @ method io associate 8
warnsr and leaming content based on automatically determined lpaming type.

HOO0FT  Figure S i & flow chanl Hiustrating one example of a method o delemming

maming yoes based on historical combinations of lzarmers and leaming contant,

DETAILED DESCRIPTION
DOGET In one implementation, a procassor associates leaming content with &
wamer based on 2 multidimensional comparison of a kamer {o a pisce of content
secording o 8 weight for the Isaming {ype associated with the leamer and a waight for
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the leaming tvpe associated with the content. The processor may automatioally
determineg leaming types for assodisling legmars with lsamer contend bagsed on
clustering of content alivibutes and lsamer atinbules sccording 1o hislorical
combinations of content and learmers and wiormation about ocutcomss of the
combinations.  For sxample, the processor may determing leaming type information
refated 1o leamers and learning content without using pre-existing learning type
classifications. A leaming type duster may indicate that a set of leamers and a set of
content resulted in similar puloomes, and the atiributes of the leamers and content in
the cluster may be analyzed o exiract attibutes associated with the particular typs of
cluster.

008] A piece of contert may be compared to a lsaming type and weights
determinad to indicats the degres in which the piece of content matches the profile for
the leaming type. Simidarly, the processor may waight a learner o different lsaming
fypes where gach waight! indicates the degree to which the leamer attributes maich the
varticular lsaming typs. The athibutss of the content and leamers may be
automatically determined.  For example, unstructured content that is not previously
tagged as educational content may be automatically tagged by a processor fo indicata
aliributes such as topic and format.  For example, the processor may anslyvze
meladata associatad with the content as wall as the content itsslf.

G0 The comparison may volve a multidimensional analysis that takes inlo
account the association of individual altributes with g lsaming type o sllow for a more
granular approach. For example, & leamer may have mulliple altvibudes, and the
Hooessor may orsale @ leamer profile and determine the degres to which the
individual attributes are associated with each of a group of leaming types. A plece of
\warning content may have mulliple alivibistes, and the processor may oreate & lsaming
content profile and determine the degres o which the individual stiribules e
associated with each of the lsarning styles in the group.  As sn example, 3 leamey
based on an gender affribute may have leaming style verbal associstion .7 and
learning style mathematical association .3, but based on age, the leamsr may have
lsarning style verbal association & and learning stvle mathematical association 5.

(0011} FPeople may have differant lsaming styles and learn better from particular
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types of content, such as audio or visual content. A leamar may have a degres of
differant leaming stvles ag oppossd o 8 single dominant lssming preference. In
aridition, leaming content may appeal o multiple leaming styles to multiple degrees,
such as where a webpage includes both text and a viden. A system for associating
gontant with a leamer may be desirable for formal education, job raining, and informal
earning, particularly as learning contant comes from sowrces outside of a fraditional
textbook.

[012]  Figwre 1 is a block disgram Hlusirating one sxample of a computing
systen to associate & leamer and leaming content based on swomatically determined
leaming types. The compuling system 100 may be used to determine leaming
material suited to & particular lsamer or group of lsamers. The computing systam 100
the type of leaming. For exampls, 8 processoy may analyze historical leamsr and
learning conterd combinations {o delemine a set of lbaming types and leamer and
waming content atinbutes associated with the leaming types.  The learming content
may be automatically associated with weighled categories bassd on 3 set of leaming
fypes, such as where the leaming confent is 3 verbal lsaming and 8 fvy audiory
leaming. The compuling system 100 may include 3 storags device 107, a procassor
104, and a machine-readahls storage madium 102

ID00ET  The processor 101 may retnsve information from the storags device 107,
The storage device 107 may be g personal computing device. The storage deviee 107
wicludes histoncal leaming information 108, The hislorical leaming information 108
may nolude information abowt pravious combinations of leaming cortent and learmers
and information about the leaming cutcontes of the combinations.  For exampde, the
\waming cwlcome may be measured by a leamer or teacher response 1o & suvey
andior a leamer assassmant score based on the lsarner content.

{00031 The processor 107 mav be s cenlal processing wt (CRLY, a
semiconductor-based microprocessay, oF any oiher device suitable for mebieval and
epecution of instructions.  As an altermalive or in addiion fo fetehing, decoding, and
exsculing instructions, the processor 101 may include ons o more integrated cincuits
{0} or other slachronic dircuits that comprise a plurality of slectronic components for
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performing the funclionality described below.  The funclionality desoribed below may be
performed by muliiple processors.

HI013]  The processor 101 may communicate with the machine-readable storage
medivm 102, The machine-readable storags medium 102 may be any suitable machine
readable madivm, such as an slectron, magnetic, oplical, or other physical storage
device that sfores executable instructions o other date {8.9., & hard disk dove, random
access menmory, Hash memory, ste). The machine-raadable storage medium 102
may be, for example, 8 computer readable non-transitory medium. The machine-
readable storage medium 102 may includs leaming tvpe cluster determination
nstructions 103, lsamer and content associalion instructions, and output instructions
105

014]  The leaming type cluster determination instructions 103 may include
wstructions to cluster leaming types based on the hislorica! leaming information 107,
For exampls, combinations with similar oufcomes may be clustersd together and
gommaon stivibules of the lsamers and common attnibutes of the isarming content in the
clusters may be axtracisd. Leamer andior leaming content profiles may be created
based on the exiracted attributes and the degree to which the leamer andfor leaming
contant exhibil the attributes.

[0018]  The lsamer and learning content association instructions 104 may include
mstructions o assogiate lpamers and lsaming content,  For exampls, 3 leamer prolile
and a lsarning condent profile may be compared 0 a lsaming typs. The dagree o
which the isarner profile matches the leaming type may be compared 1o the degres to
which the leaming coment matches the lsaming fype. o casas where both the samer
and leaming content match the profile, the lsaming cordent and the lsamer may be
associated with one another,

0161 The oulput instructions 105 may indluwde information about the association
of the learming content and leamsr.  For sxample, the content may he stored 1o be
combined with other malerial 1o greate a printed or digital book., The content may be
amaited o the student andfor displayed o the student.

07T Figure 2 is & disgram fustrating one exampls of g flow chart o create &

&
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model. Block 200 shows a madel fo create leaming tvpe clusters based on historical
ieamer and lsanung conlerd combinations. The model may includs, oy sxampls,
lsarning types A, B, .G where learning typs A has learning content attributes verbal
and auddory and leaming typs G has leaming content altnbute natwralistic. Historical
data related o lpamer and user combinalions may be analyzad 10 assoniale clusters
of learner atidbutes and cordent atiributes that result in highsy performance, such as
whers leamer atiibute 1 and learning content atiribute 30 are Bhely to result in high
performance and where learnsr altribute 2 and learning content attribules 5 and § are
likaly 1o result it high performance.

f0018]  Blook 207 shows leaming content profiles created from the leaming type
model in Bock 200, The learmning content profile may match the lsaming content up
with learning bypes and assign @ weight o each lsaming type indicating how closely
tha legrning contant matches the particular isarming typs attributes,

{0018 Blook 202 shows leamer profiles created fom the leaming type modsal in
Mook 200, For example, 5 sarner may be comparad {0 & learming typs and weighted
oy indicate the degres o which the learner s associated with attributes of the leaming
fype.

0020 Block 203 shows assoviating leaming content and lgamer combinations
ased on the leaming content and leamet profles. For soampls, a processor may
rank combinations whers the leamer and conterd have higher weights for the same
RInIng ype

[0031] Figwe 3A I8 8 disgram dlushraling one example of an automatically
generated lpaming content profile.  Block 300 shows & webpage with laaming content
about dinosaurs. A processor exdracts atiributes redated t the webpags, such as
Dased on the meladata of the webpage. Blogk 301 shows format, opie, and difficulty
evel atinbutes associated with the leaming contenl  Block 302 shows a leaming
grofile for the leaming cordent indicating the degree o which the lsarning contant on
the webpage matches the 3 lsaming types.

(00231 Figure 3B s a diagram Slustrating one ssample of an automatically
genarated leamer profile. Block 303 shows information about a learmer X At block
304, the leamer information is analyzed. Al block 304, 8 procassor detarmines leamer

%]
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atirbutes based on the leamsr information. A blogk 304, a processor detaraines a
ieamer profils based on the lsaming sttiibules snd how they compare with lsaming
types. For sxample, leamesr X 5 most alignad with leaming type &

{00231 Figure 4 is a flow chard dlustrating one sxample of 3 method o associate a
fearmwy and leaming content based on automatically determined lsarning type. For
axample, a processor may automatically select arning content o assoviale with a
tsamer. The lsarning content may be unstructured web content. For example, content
that may not otherwise be fapged as isarning content may be searched, tagped, and
ranked for a particular leamer or type of leamer. A multi-dimansional analysis may be
performed {o {eke into account a comparison of the leaming content and leamers o
historeal combingtions and outcomes o determing & selection andior ranking of
laming cortent t© leamers for fulure leaming. The mathod may implemented, for
example, by the computing system 100 of Figurs 1.

{00241 Beginning at 400, a processor delermines a leaming type cluster of
eamers and content based on past parings of lsamers and earming content and the
associated outcomes. The laaming content may be, web content, docwments, or other
corent. The lsaming content may or may not be specifically identifed as leaming
content. The learning condent may be a pisce of content as a whole or a particular
section of the leaming content, such as a chaplay or exatcize. The learmer may be any
ORISQI 1 regeive information, sush as for informal franing, job related raming, andfor
formal sducation. The leaming content atinbutes may be determined, for example, by
analyzing texi, video, or other media associated with the learming contert as well a8
analyzing metadata. The learner afinbutes may be determined based on surveys or
other user provided data.  In some cases, leamer atfibutes may be further refined
nased on leamer parformance.

[02§]  The learning type clusters may be delermined bassd on historical
combinations of leamers and leamming content and associated outcomes,  The
outcomes may be delermined based on leamer feadback, teacher feedback, objactive
assessments, or learmer scoves, such as grades. I one mplermentation, the feedback

w related o physical data related to the lsamer, such as sye contact, heant rate, or
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another processor may collest and inferprat data relevant fo 8 users experence with
he learmung content. The procsssor oreales olusiers of pravicus combinaliong such
that each cluster includes combinations with similar performance levels.  The
processor may then determine ativibules associated with the cdluster, In some cases,
the alfvibutes may be waighted, such ag whers 2 cluster is considered 1 be relavant to
5 visual leaming and 2 auditory leaming. The leaming profife may be based on the
type of content, such as where different atiributes are identified and different leaming
type clusters assonisted for video content than for documents. Any suitable clusterning
method may be used. Any suitable clustering method may be used. The final clusters
may comprise the leaming ypes. In one implementation, the wocessor frains
classifiers for each learning type duster o build models thal represent the leaming
type clusters such that the classifier models become the lraming types. For example,
a classifier mods!, such as g decision tee, may be used fo genarate a maodel to
determing the leaming type clusters

100261 Inone implementation, the lsarming fype information s displayed such that
3 user may associate a semantic label with a learning fype. The semantic label may
be used for user input fo manually tag 3 learmnsr or lsaming content with the leaming
type,  In ong implemerdation, lsaming lypes are aulomatically detgrmined, and
information about the leaming types is displayed fo g user 1o allow the user to filter the
determined learning types, such as o remove some of the leaming typss that a
teachar does not want 0 use 1o assooiate samens and lsaming contant.

[003F] Procesding to 401, 8 processor gssociates a weight with leaming cantent
neficating the degree o which the leaming content is assovciated with a learming tvpe
cluster. For example, some of the ativibutes of the lsaming contant may be associated
with the lpaming ype and some nol. It some cases, the leaming content 8
associated with & lsaming tyoe where the degree of association i above a threshold.
The leammg content may be compared {0 a subset of lsarming clusters, such as where
the potantial clusters are selected according to other oriteria. The leaming atinbutes
may nclude, for example, media fyps {ex. sudio, véﬁsuaﬁ_},, function {ex. chaptar, quizg,
exgrcise), presertation {ex. resolution sizel  difficully level {sx  introduciory,
sdvancad), and specificity level {ex. broad, focusad, spenialized). & lkaming contant
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profile may be craated where 3 veckyr cludes a weight for each leaming type
ndicating the degres to which the leammng content is associated with the parbiculay
leaming tyos.

{0028 In one implementation, multiple atinbules ars compared o 3 lsaming type
o create 8 single learning profile for a leamer or leaming content to aggragats how the
attributes of the lsamer o learning contert comespond o the lsaming type. For
rows cornespond {0 lsamer atinbutes and the columng corresgond 1o leaming typss.
The processar may first parform some filtering, such as by filtering out some attribunes
or soms leaming types. There may be waighls for sach atribute, such as whare a
amer X has 3 of the verbsl leaming ability that is associated with leaming fype A
based on his performance and 0.5 of the varbal leaming shility associated with
lwarnmg type A bassed on his age. As an example, & profile for 8 plece of lsaming
contert andior & learner may be a malrix represantation with colurmng corresponding
o lmarning types and rows ralated © alirnbutes of the lsaming content andior leamer
such that the value for the cells indicates the degree o which the particudar attribute is
associated with the leaming type. The processor may aggregate the atirbuls weighis
associated with each of the leaming types o oreale a reprasoniative weight for 2ach
leaming type. In one implemantation, the processor oreates a vector profile from the
matrx by aggregating the degree o which the individual altribules are associated with
the leaming ype nlo an overall degree of assodiation with the lsaming type. For
sxample, 8 scove may be computed ‘o deferming how sach alinbuls malches the
leaming type, and the soores may be aggregated.  In some implementations, the
IHOCESSOT gnores somea of the atiributes when creating the agaregated score, such as
whare i3 desirable o comparg leaming profiles of particular dimensions.  For
example, the lsaming profile may be regreated based on the goals of the paricular
association and the aliributes related to those goals,

f0028] Proceesding to 402, & processor associates a weight with a lsamer
indicating the degree to which the leamer i3 assoviated with a leaming type cluster,
Attributes related fo e lsarmer may be determined, for example, based on surveys,
demographics, report card information, and success an objective assessmemts. The

s
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learnsy atinibutes andior lesrner listory may be used o determing the degree to which

X

oast mam and samer gander may be used {o delarmine 8 waight for the degrse o
which the leamer is associated with & particdar lsaming type.  For example, the
earner may have @ .8 association with leaming type A, In some cases, weights below
a threshold are diwregarded, such as where a low association with a leaming type s
not conswderad when assaciating a lsamer with learming content. A leamer grofile may
be, for sxample, 8 vechor with 8 weight for each entry where sach entry comesponds to
a leamning typa.

0030 In one wrplemantation, the lsaming profile includes the degres & which
individual attributes of the lsarner are associated with sach Isaming tvps. For
corrasponding o attibutes of the leamer and the columns corresponding o leamting
fvpes. The anties may indicate the degres fo which the parficular stinbule
cortssponds {o the particular leaming type.  In ong implemantiaton, the procsssor
aggregates the matrx leaming profile e & vector based leaming profile by
aagregating the individual aliribute weights to create g single waight reprasentative of
the assgciation of the leamer o the lbaming type.

[0031]  Procesding to 403, a processor associales the leamer and leaming
gortent based on the learmning contand weight and the Isamer weight associated with
the jsaming tvpe. A multidimensional analysis may be performad to rank content to
assotiste with a particular learmer.  For example, & lsamer profile vector may be
somparad to a8 learmng content profils vector whers the vector enlilas are related to
How the particular learner and leaming content ars associated with the leaming Yypas.
Gondant may be selected based on the ranking, such as selecting the lsaming content
with the op 3 rankings or selecting content with & ranking score above & thyeshold. In
some mpleamentalions, pre oF post processing may oo, For example, the processor
may filter learning types by wopic.

00331 The associafion may ivolve, for example, ranking & Bist of leaming

cofent comparad o 8 leamer o ranking a8 list of pamers compared o 8 plecs of
learming content.  In one implemeantiation, the processor determines learning contant

7
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refated to the first plece of leaming content, such as o make additionst
recommendations based on the a relgbonship with selected lsaming condent
addition to or instead of basad on 2 relaticnship of the additional lsaming cotent o
the sarner. For sxample, comparing leaming content fo leaming coment may be
usefid where leaming content pplions were provided o 8 leamer, and the lsamer
sefecterd & subsst of the oplions. The processor may then make future
comparng eaming profiles of the selecied leaming contant to lraming profiles of other
eaming content.

0033] The ranking may be performed in any sudeble manner,  In one
implemantation, the moking is performad by fingt iltering the objects to be ranked,

cank learning content for a particwdar leamer, the saming content may first be filtered
by quizzes. As another example, the leamers o sssociate with the leaming content
may be fillered by an ags altribute.

00341 In one implementation, the association nwvolves comparng 8 veoior
associated with the targst object where sach row is relgled o & leaming type. A
scote may be generated for each row fo indicate how the weights of the particular
warming lype compars, and an sguregals score may be creatsd based on the
comparison waighis for each of the leaming types, The aggregate score of mulliple
obpects may be compared o delerming which 1o associate, such as those above a
threshold or the top N

00351 In one implementation, the processor associates mullipls learning objacts.
For example, the processor may delernune a sat of lsaming comtent for @ leamer or
eaming content for & set of leamers.  For example, the candidate may be compared o
the farget 1o get a score for sach learping type.  The processor may then aggregste
the individual seores for the associalion scorg, The processor may then compare the
aggregate scors betweasn the farget and the group.

D038 Proceading 1o 404, a processor output information about the assoviated
lwarmner and content. For sxample, the processor may fransmit, stwe, andior display

10
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nformation abowt 8 recommandad combination of learming content and learmer. The
processor may display information abtout reconwnended leaming content o allow &
user o maks 2 ssfection from the displaved oplions.  The procsssor may provide
sslecied learning condent, such as by emailing # to the leamer.  In soms
wnplementations, mulliple pieces of leaming content are selegied, such as W achiave @
balance of learmning matedals for differant leaming types that apply fo the particuar
lsamer., The processor may select an order {0 present content 1o a learner, such as
selecting introductory content and intermediate conferd for the same leamsr. The
roodsd may be updated based on feadback, such as based on addiional assessments
o leamer andior teacher surveys.

[0037]  The associations of learmers and leaming content may be performed in &
manner to achieve different objectives. For example, learning content may be ranked
according fo how i associated with & particular learner, and recommendations may
be automatically made for a student or group of students based on the rankings. A sel
of students may be anked according to their association with a set of leamng sontent,
such as to determing a list of polentid students for an advanced class tallored to the
set of leaming conterd.  In ong implementation, the processor further comparss
leaming content profiles to delerming relaled leaming content, such as where 3 pigce
of leaming content is aulomatically selected for a leammer and the salscted leaming
gontent s used o determineg further recommandations w addiion o companng the
iegmer saming type information o additional lsaming content.

[0038]  Figwe 5 is a flow chart Hlustrating one example of & method o deteniine
learning types based on historical combinations of lsamers and lsaming content. For
sxample, 8 processor may perform & muli-dimensional mult-phase cluster method to
determing learning types. For example, the clustering to determing the learning ypes
may invelve separadaly clustenng leamsrs and leaming comntent and then creating 8
learning tvpe cluster based on the two separate clustering methods, The process may
run in & baich or incremenial mode, such as where newly received historical
combinations ars added o the clustering methods. The method may be performed,
for example, by the computing system 100,

{00397 Beginning at 500, a3 processor reads hislorical leamer and leaming

oo

11
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conterd combination data.  For example, the processor my receive data from 8
databage. The data may include 8 grade ralated 16 the cutoome of the combination,
SUCH 8% ] USEr SouTe O an assessment or 2 reprasentation of & qualitative score from
for example, leaming survey ratings. student performance dala, leach gssessment
wiformation,  studentfteacher  wiesvigw  nformation,  andfor  discussion  forum
information.  The information may come from different sources, such as from a survey
to 2 learner or teacher or social forums. In one implementation, questionnaires relsted
fo the outcome may include questions populated based on the particular leamer
attributes and a pre-defined template.  An objective assessment o test the outcome
may be tallored 1o the particular leaming atinbutes of the leamer

048] Procesding to 501, a processor clusters combinations of learning content
and leamsrs based on simifar cwlcomes, For sxampls, thars may be a threshold such
that a cluster comaing combinations whers the difference in the outcome score s less
than the threshold.

00411 Procseding to 502, a processor filters combinations where the outcomea is
less than a Hweshold. For exampls, combinations that were not successhil may be
removed from the modsl,

00431 Proceeding to 503, a procassor clusters fearners based on alinbutes. For
axample, the learmers may be clustered based on alinbuwles, such as gendsr, overall
peformance, and major.

{00431 Procesding to 504, clusters leaming content based on alidbules. For
syample, the isaming content may be clustered bassd on attnibudes, such as topio and
format.

044} Proceeding o 505, a processar merges parformance clusters, leamer
clusters, and content clusters. For sxample, I two lsamers befony {0 the same ussr
atiribite based cluster andfor two pigces of lsaming content belong to the same
learning contert allribule based cluster, the two combinations are merged in the
corformance based cluster F the performance for the cluster remaing within an
acceptable range, eg.. all students had a performance above a threshold, The
merging may be performed in an erative manner. In one implementation, the merged
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clusters are used as the leaming tvpe clusters, such as whare the attribules of the
obects within the clusiers are extracied and used 1o delerming membershyp for future
combinations in the cluster. In one implementation, a classifier is trained on sach
cluster, and the classifier models are used as the leaming type modsls.  Using
dynamically determinad parning types that may be appiied o unstiuciured feaming
content allows for betier identfication of leaming cortent for legrmers that is talored

achisve helter outcomes for the leamer.

13
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CrLams

1

A computing system, compnsing:

a storage Yo store histonoal lsarming information, wherein the historical leaming

information includes learmer atinibute information and leaming contant attribute

irformation and previous resull information associatad with combinations of leamars

and learming content; and

3.

Jz.

& processoy o

determine leaming tvpe clusters based on associations between lsamer
atiribute information and leaming content atiibule information based on the
histonical learming informstion;

associsting a lsamer with the learning content based on a comparison of
the degres o which a pigce of learning content is assonigted with g lsaming type
clugter and the degres 1o which & leamer s associated with the leaming type
clistay; and

cuipuiling information about the assooiated babwesn the leaming sontent
and leamer,

The computing system of claim 1, wherein the processor determunes the content
type of the pisce of content and detarmines the learing contant altritute
wiformation based on the type of content,

The computing system of claim 1, wharain the processor further seladis &
position {o onder the associated samer condent among other learning content

associated with the jearmer.

. The computing system of claim 1, wherein associaling 8 lsamer with lsaming

content comprses companng & learmner learming profile associated with the

learner fo g leaming content lsaming profile associated with the leaming content,

14
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&

wharein the leamer learming profile noludes atiibules azsociated with the
feamer and the degres 1 which the mdividuad leamsr altnibules are associsted
with the leaming type, and

wherain the learning confent learming profile includss attibutes associated with
the lsarming content and the degree to which the individual Isarning content

attribufes are associated with the lsaming type.

The computing system of daim 1, wheren the processor is further to associale
the lsaming contert with a second piece of Isaming content based on the degres
o which the leaming contert is associated with the learning type and the degree
o which the second piace of learning content is associated with the leaming
fype,

- Amethod, compising:

deternuning 2 lsaming type cluster of leamears and learming content based
on past combinations of leamers and leaming content and the sssociated
oucomes,

whargin the leaming type cligtars wnclude attnbutes bagsed on the
attributes of the learners and atiributes of the leaming content within the lsaming
ype clustern;

associating 8 waight with leaming content indicating the degres to which
tha learning content is associated with a leaming type cluster,

associating a weight with 2 learmey indinating the degres to which the
leamer s associated with the learmng typs clustern,

associating the leamer and learning content based on the learming content
weight and the learmer weight associated with the leaming type; and

output sformation aboawt the associated lsamer and cantent.

. The msthod of claim 7, whersin delermuung kaming typs custars comprises

determining clusters based on sindar outcomes,

15
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B The method of claim 7, wherein determining laaming type clustars comyprisg
disvegarding a lsarner and leayning type combination whan determining &
learning type cluster whers the outcoms associated with the combination is less

than a threshald.

8 Tha meihod of olaen 7, wherein associating the leamer and lsarming content
SOMPses 8 & comparnson based on leamer atinthutas of the lsamer and the
association of the learmer atiribules with the learming type and learning content
attributes of the learning content and the association of the lsaming content
atiributes with the learning content.

0. The mathod of claim 7 Turther comprising, updating the leaming type clusters
based on fesdback related to new learmsr ang leaming content combinations.

11. The mathod of claim ¥, furthar comprising assaciating a semantic label with 8

leaming type cluster,

12. The method of claim 7, further compasing associating a second plecs of leaming

corfent with the leaming content based on the leaming type.

134 machine-readable non-fransiory storage madium comprising mstruchons

executable by a processor i

determing leaming type olusters based on clustering of leaming contant
atiributes and lsamer attributes based an histoncal pairings of content and
iearmens and information about outcomas of the painngs;

seore a ralationship betwean the learning content for & lkamer based on g
mudtidimensional comparison of 3 lsarmer 0 2 piece of lsaming cordent according
oy learning fype associations with the leamner and lsaming type assouations with
the piece of learming content; and

output information about the score.
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14, The machine-readable nondransitory storage madium of clgire 13, whersin the
mulidimensional COMpPanson COmprises a campanson based on leamer
atinbutes of the lzarmer and the association of the lzamer alivihutss with the
learming typs and lsaming contant altributes of the Isarming content and the

association of the learming content stiributes with the lsaming content.

mnstructions o output information abowt the score comprise mstruntions o puipwt
at lsast one of a selection of lsamers associated with lsaming content and outpl

recommanded learning content to a leamsrs,
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